
Exhibit 4 

USSN 08/230,982 

GI 5218 



*oce 



Databases: progress & news 

■ciii Seq Data Anal (1992) 5:57-« 



Protein Sequences 
& Data Analysis 

©Springer- Vcrlag 1992 



A review of cytokine structures 

Elizabeth Minasian ', Nicos A. Nicola 1,3 

' Waklr and nLf 'u^* W University of Melbourne. Parkvillc. Victoria 305' Australia 
Received September II, 1991 / Accepted March 25. 1992 



Abstract. The expanding family of cytokines, interleuk- 
ins and colony-stimulatory factors has made it difficult 
o readily access their structural and biological proper- 
««« for comparati ve purposes. Here their aligned amino 
and sequences, biological actions and some structural 
predictions are presented together for ready compari- 
sons r 



Introduction 

Cytokines interleukins and colony-stimulating factors 
are a family of regulatory polypeptides involved in host 
i.efcnce and share a number of features in common. 

rvti'w "! 0S, -° f the dassicaI €ndocr '« hormones, 
cytokines rarely, circulate in the blood at. biologically 
sigmficant levels in normal animals but are induced acu- 
tely m response to infection, antigenic stimulation or 
tissue injury and are rapidjy cleared from their site or 
action. They are rarely produced by single organs in 
response to a single type of stimulus but rather are pro- 
duced by mult.ple types of cells scat.ered throughout 
he body m response to a variety of different inflamma- 

c 7r,. $ ' 8 K n - m T 6 P roducli6n and action of cytokines 
is often highly localized to inflammatory sites, beine par- 
acrme adjacent to the .effector cell produce the 

tauSlrCNDp- ^? gr ° W,h raC '° r: BSF " '■ B - CC " S,i "' U - 
rw*%? ? ? • chollncr 8 ,c neuronal differentiation factor: 

rv fac. dIa Tr a,,n 8 rac,or = S S,F - <> { ° k "« 'yn">«i S inhibito- 
ry factor. 01 A. differentiation inhibitory activity; DRF. differenti- 

EPOcZZ e ^ EDF - C0Sin °'" ,il ^nerentiation ft,c,or: 
for Da V h ^ 0,c ;;" : , G - E^nulocytc: HILDA, human imcrlcukin 
HSI- hel, ■ ' "ybridoma-plasmacymma grow.h factor: 
HS . hepaUK-yte M.mulaiing r acl „ r: I FN. imerlcron: IL. interlcuk- 
in LII-. leukemia inhibitory r at ,or: M. mnvropbapc: MCGI-. mas, 

MLPuT, i,C, ° r ; MGI - •"^"Ph-eeeranukK-vte inducer 
MLPLI. melanoniij-dcnvcd lipopro.cii, li P ;,sc inhibitor: TCXiF. T- 

Sfa"C '"' r: K ' Um0r nCtr0S,S r » C,<,r: TR '" 
Cr*rrr.\/mtu/rtur (u ■ !.. Min;isi;ni 



cytokine) or autocrine (effector cells produce the cytok- 
ine themselves) rather than endocrine. 

~,L ThC P rod " ctio . n and action of cytokines is intri- 
fr S° r f natd what a PP ears l <> °e a great deal 
of redundancy and amplification. Many cell types fin 

T^ 1 ". 7 ' V"*^ macrophages, endothefial and 
fibroblasuc celb) produce and secrete a large variety of 
different cytokines in response to bacterial product or 
antigen* stimulation. The cytokines themselves have 

aC, T < redundancy ) on a varietyofefiector 
celb (pleiotropy) and, moreover; form a cascade system 

^^Tr W ," e V ll l duce P^^on of several 
(s* e7g?) P Cat ' 0n) ° r inCreaSC the ^P 00 ^ to °*ers 
3. Because they function extracellularly as communis 
ca tors between cells often in hostile environment™^ 
cytokines generally have the following characteristics 
They are small proteins, usually.glycosylated and their 
conformation is maintained by intra-molecular and 
sometimes inter-molecular disulfide bonds. This endows 
the cytokines with an often remarkable stability to 
changes in pH ionic strength, denaturants and pro- 
teases. The cytokines are uniformly active at very low . 
concentrations (generally a few picomolar to a few 
hundred picomolar) and bind to cell surface receptors 
with a very high affinity. ^cptors 

~,. 4 '. add J li0n , ?. s,iniula «'ng a variety of different 
cell ypes. the cytok.ncs often exert multiple levels of 
regulauon on cells of the same cell lineage. For example 
ihe colony-si.mulaiing factors are required for the sur- 
vival. prol.fcration and diffcrcntialion of blood cell ore- 
cursors but also stimulate various functional activities 
oT he mature white blood cells in the blood and tissues 
that are involved with host defence. 

5_ Nineteen amino acid sequences or human and mur- 
™f uns h: : vc ««» »»alyzcd using algorithms 
predictive for secondary structure [I. 2J. The results sug- 
gest that they each contain a d-a-hclical bundle, about 
- > nm long, as a common conformational feature 



mi it-) a 
ro it-iA 

BO It-IA 
KB It-IA 
BA It-IA 
HU K-1A 



KU IL- IB 
TO It-IB 
OV XL- 1A 
KB I I- IB 
KU It-IB 



id .... . v ^ 



HU TXTA 
CO TWA 
M TWA 
CA TWA 
RA TWA 
KU TWA, 



HU TWO 

rb THra 

KU TWB 



KU It-? 
CI Xt-2 
00 It -2 
OV It- 2 
HA It-2 
KU It-2 



H^EEJr^ Wlbi»rw£<™>aa*^^ 



130 

rv»s lnctlb 



M TfW101XSCIALSlJaVT»ISA»TSSSTIOCT 

^-^L^iAtsuavrvsApJliSS---. 

KS5KYXI0lASCIALTlALVAMCAn-S$$TCKT 

M TSMQLASCVALTI.VLtVHSArTSSP* 

H |[SH0LASCV7tTLVU.V)iSAPTSS5TS5STAJ 



HU lt-J 
CI It-3 
Rfl Xt-J 
BA lt-3 
KU It-J 



tru lt-4 
BA It-< 
KU Zt-4 



-nxssvxioLQBiivAntcmsxsawcsB 



KU IU-5 
RA XL-C 
KU It-S 



KU It-7 
KU tl-7 



MU It-» 
KU It-J 



HU It- 10 
KU It-10 



KU IIMI 
HO It- 11 



hu tir 
fo tir 

OV tir 

RA LIT 
KU Lfr 



^^^^^^^^ 




110 120 130 



* "'"**•...•."•»••••• • «••» ......... 



ku c-csr 
hu c-csr 




KU CH-csr 
*o CH.csr 

MU CM 



ku no 
«u no 



hu H-csr 
mu n-csr 



•«•■••• •..*. .«-••••».-.. _ . ^ ..... 

10 JO «L 




lib 

:SCfTW>Tf.CM 

iscrTr.Dtr.ee 



^S^^^bb^s^3|bS i 

Sw^I^S!^?? 1,0 «>o 

":?^ v 'C.v™iusslctwvixeasccasc^^ 

..♦ . . . .... : . * .' , 77 T 0WTrcr.7v:T*Tu^cDM^ 1 •t:l•r.r:^MlATPl»^ 



I 'L. 1. Ahpu-tl ;immu 

.11 N 



sequences lor IK dilTcrcnl hc«u«f»oiclin\ i f i lie l 2 \pt 



nl.ihK- 



lilciiliiv hciwi'i'ii 



140 liO 160 no 

1*0 1J0 icq 170 £ 
O>|WnwXLTrYUCTLE»lA0A QOTTLSUUF- 



CDMOnuUCUTYLKTLENEOA — - „ 

140 DO 

muortcsucsiuocYtoscTSKs 

STSlXDnESlKSWOKDt-- 




1*0 

xfokoqwgmugki 

7TOCTIMQRQICSRP 



l «° 130 ico no 



UP 

iLvirrpoitPvot 
LrnrrDCVEfAQ* 

LTOirrtCMfCOK 



60 



C 



C5 * 

a ^ 



1 

a s 



.5 2. 



J 



8 



1 1 1 1 1 1 1 1 444 



o 

i o 
do + 



J, A 



c: 1 



fO <N CM — 



+ 



I I I I I I 



I I zzz z z z 



zz 



z 



S - 

5 1 



3 



l^r - » cK <S cn t 



o «n _ — - . 



•r t c> op r» o\ <s on » 09 
C«- *o — vS «n T *T V 



co rr <n vo on 

I o\ a* «n „ 

rS . - - NO 

O .O 

3 r o r n .no 

cf ~ in ~ «n <r 



no £ o 
cn . ~* 
-fo „ 
On 00 00 



I z 



o o 



z 



► On 



o c-» 

~& 

00 w-T 

T T 



o\^ov%vo»ow-»Nor<«Trr»>^mcsi <s «- — 

^ ^ ^ *^ 22 °° ^ ^ ^ ^ ^ 



c^won^^ - , co o — « n© 

2- E 2 £3° 8 2:2* 2 



_ - «N CN - 



3 C 



a I '5 § i E *i E i E *i £ S E 



x 2 x 2 



11 1 



E E 



x 2 x S 



II 



"5 I 



u. 
O 



0 



E 5 

55 



r 3 vi O vi w O at Cl oc *a £ vi 



= c 

- c ^ 
5 2 2 

2 gj 



O 



1.? I 



0 




v> ^. «C 



5- — — , 



co to 

6 6 o 



61 



O K 3» — ,-si 
r- x: ho 



O C o o" o 

OC > 3> C 10 o (ft 

— rs r» f= ^ pi V 



C »n r". i- . + 
O OQ OC - ^ 

<n m Pi . 



2ZZZ 



- 3 o | o | 

OO ~ X On » OC 

^ 2 "* 2 



v 3- C. 
■ ac oc — — 



r- >o r- — 



5 s J = i , ; = 



3 =J = 



• OC C 

; Q- C JL 



II 
II 

II 



8 I 
P h 



1 1 

11 
3^ 



8 8.- 
Sg -g . • . 

S | § 

* E I 

5 

f So 

f ST 
° S £ 



O c — 

:= -3 



S„ 3 
•2-S s 



-o O 

r o ^. ^ 
5 o 5 "5 g 
c E 5 ^ i *o 

•r ^3 ."2 — w c 



S§5 



1 I l-I 



£52i 



Results 

Here we present the aligned amino acid sequences 
(Fig. 1) and some structural determinants of cytokines 
of difTereni species (Table 1) to provide ready access 
for structural and mutagenesis studies. The detailed biol- 
ogy, biochemistry and molecular biology of these cytok- 
;" cs 5* n * «Wrcssed through several recent reviews [3- 
12, 13] and through Table 2. The predicted structures 
of several cytokines as 4-a-helical bundles are summa- 
rized in Table 3. The cytokine family is expanding rapid- 
ly and already producing subfamilies - some of these 
including the interferons, transforming growth factors 
P and the mtcrleukin-8 family, are excluded from the 
present hstmg but can be found in the following refer- 
ences [14-16]. 



Table 2, Biological functions of the cytokines 
IL-lzandl 



Activates T-cclls by inducing IL-2 release 
Co-ractorfor B-ccll proliferation and dincrentia- 
uon 

Induces OM-CSF. G-CSF and IL-6 production 
by bone marrow stroma 

Stimulates fibroblast proliferation and prostag- 
landin and collagen synthesis by stroma 
Induces acute-phase protein release by liver bepa- 

tocytes^V-- ; t -,a-:. 9 -~; •' ' 

Stimulates^bonc res^uon and cartilage break- 



InduWtevcr 



TNFx and fi 



IL-2 



IL-3 



1 1-4 



IL-5 



Produced by macrophages, endothelial cells. 

fibroblasts ~ , 

Stimulates T- and B<el! proliferation 

Induces IL-la, IL-Ift IL-6, GM-CSF and G- 

CSF production by stroma 

Mediator of cachexia (weight loss) and fever 

Other actions similar to IL-1 

Produced by macrophages, endothelial cells and 

fibroblasts 

Stimulates T-cell proliferation 
Stimulates B-cell proliferation and differentiation 
Stimulates natural killer cell proliferation and 
killing capacity 

Increases cytotoxic capacity of macrophages 
Produced by activated T-cclls 
Stimulates proliferation and differentiation of 
precursors for granulocytes, macrophages, eosin- 
ophils, megakaryocytes, erylhroid cells and mast 
cells 

Knhanccs cytotoxic capacity or macrophaecs and 
eosinophils 

Produced by activated T-cclls 
Stimulates T-cell proliferation 
Enhances differentiation of B-cclls (irnmunoglo- 
bin switching. | a anifecii and Fc receptor expres- 
sion J 

Stimulates mast cell growth 

Modulates state of activity (if macrophages 

I'roduccd by activated T-cclls 

Stimulates proliferation and differentiation of co- 

kinoplul precursors 

Stimulates »-cvll growth and enhances immuno- 
Globulin production 
Produced b> activated T-cclls 
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Table 2 (continued) 



IL-6 



IL-7 
IL-9 

IL-10 
IL-ll 



LIF 



Stimulates plasmacytoma cell growth 

Stimulates immunoglobulin synthesis by B-cclls 

Induces IL-2 production by T-cells 

Acts as a growth factor for neutrophilic, mcga- 

Karyocytic and early precursor cells - 

Induces acute phase response from liver hepato- 

cyles 

Nerve cell difTerentiation factor 
Ptoduced by endothelial cells, fibroblasts, macro- 
phages 

Induces proliferation of precursor B-cells and T- 

Produced by hemopoietic stroma 
Induces proliferation of helper T-cells 
Stimulates mast cell and megakaryocyte progeni- 
tor cell growth 

Produced by activated T-cel!s 

Inhibits the synthesis of cytokines by activated 

I -cells 

Inhibits some immune reactions 

Stimulates mast cell growth 

Produced by activated T-cells 

Stimulates the proliferation of an IL-6-dependent 

plasmacytoma cell line 

Stimulates the T-ccJI-dependent development of 
immunoglobulin producing B-cells and syner- 
&zes with IL-3 in supporting murine megakaryo- 
cyte colony formation 

Regulator in the hematopoietic microenviron- 
meot 

Produced by hemopoietic stroma 
^ff«t|ation .induction and suppression of the 
jrohferauon of some leukemic ^ 
Synergistic stimulation of ^ megaWoo^ Vand 
ft platelet production ^^^gg^^ 5 ^ 



Epo 
G-CSF 



GM-CSF- 



M-CSF 



Stimulation of hepatic release of acute phase pro- 
cess" ° f "to™™ 1 ™ »" embryonic stem 
Stimulation of osteoblast function 

^^rt 0 ^ lranSmJUCr 
UWn of UpoprttaV, lipase activity fa adipo . W 

*oduced by fibroblasts, macrophages and glial 

Production of erythrocytes and megakaryocyte* ^ 

produ^ by kidncy cpiihclium 

SSS- M r° n 3nd d '^enuation Tf £ 
neutrophilic granulocyte precursors 
Activates granulocyte cytotoxic function ■> 
Chcmouctic for endothelial cells J= 
Ppccd by macrophages, endothelial and fibro- J> 

P roIifcral ^ ^d diflercntiatron of 5? 
neutrophil, eosinophil, macrophage", megakaryo- 
cyte and crythi oid precursor cells 

22*2*1? 5 r C / ldothcIiaI » fibroblast, osteoblast 
and trophoblastic cells 

Activates cytotoxic function of neutrophils, eo- O 
sinophils and macrophages V* 

b £ activalcd r ' cda ** macrophages, cn- 12 
dothelial cells and fibroblasts -< 

^nulates proIiferaUon and duTerentiatioii of 
macrophage precursor cells 
Activates cytotoxic function of macrophages 
Required for production of osteoclasts - : 
May have aciivitv nn ir««w*wiJii-: . - 
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««f proucuon or osteoclasts 
*«y fiave activity on ophobiasts :>.,.. =*•-.■ 



Table 3. Predicted 4<r-helica! bundle structures for 19 cytokine se- 
and USmg \ hC , hCliCaI P^i«ions of Chou and tan flit 

ofaminoLiH MU h ' m °P° IC <»*. we summarize the locations 
orammoacd sequences of the various putative secondary structures 



Cytokines 



Hu IL-2 
Mu IL-2 
Hu IL3 
Mu IL-3 
Hu IL-4 
Mu IL-4 
Hu IL-5 
Mu IL-5 
Hu IL-6 
Mu IL-6 
Ilu IL-7 
Mu IL-7 
Hu G-CSF 

Mu O-C SI- 

Hu CiM-CSI- 
Mu CiM-C'SF 

iiu i:i>(> 
iiu M-csr 
Mu M-csr 



N termini 


A helix 


1-32 


33-56 


1-46 


47-70 


1-18 


19-27 


1-19 


20-28 


1-6 . 


7-22 


1-5 


6-21 


1-6 


7-22 


1-6 


7-22 


1-24 


25-41 


1-26 


27-43 


1-10 


U-28 


1-10 


11-28 


1-12 


13-26. 




49- 57 


1-18 


19-32. 




52-60 


I-I4 


15-28 


1-14 


15- 28 


1-2 


3-20 


1-14 


15-38 


1-14 


15-38 



Loop I 



B helix 



u.^„ r . ' w and C termini as we as the Ioods 

23* S 5nS Zttrr of lhc bundlcs a " *™ s 

cytokine *cuenWrh!, n««»berings are for the mature 

cytokine sequences (that is starting after the cleavage sites in Fig. |) 



57-65 
71-79 

28- 55 
29^»9 
23-43 

22- ^2 

23- 42 
23-42 
42-83 
44-85 

29- 51 
29-50 
27^18. 
58 69 
33-51 
61 72 
29 33 
29-30 
21-54 
39-45 
39-45 



66-78 
80-92 
56-68 

50- 62 
44-59 
43-58 
43-58 
43-58 
84-105 
86-107 
52-59 

51- 68 
70 97 

73-100 

34 49 
31 46 
55 77 
46 61 
16-61 



Loop 2 


C helix 


79-82 


83-10! 


93-97 


9S-1I6 


69-70 


71-85 


63-66 


67-81 


60-79 


80-95 


59-70 


71-86 


59-6! 


62-78 


59-41 


62-78 


106-144 


145-165 


108-147 


148-168 


70-73 


74-90 


69-72 


73-89 


98-105 


106-130 


101-108 


109-133 


50-54 


55-75 


47-51 


52-72 


78-89 


90-113 


62-72 


73-93 


fO-72 


73 93 



Loop 3 



D helix 



C terminus 



102-116 
U7-131 

86- 102 
82-96 
96-109 

87- 100 
79-92 
79-92 



91-126 
90-105 
131-154 

134- 157 

76- 96 
73-93 
U4- I2K 
94-109 
94- 109 



M7-I33 
132-148 
103-12! 
97-115 
110-123 
101-114 
93-110 
93-110 
I66-IK4 
169-187 
I27-14X 
106-127 
155 175 

158-178 

97- 117 
94-1 14 
129 151 
110 130 

no i3i) 



149 

122-133 
116-140 
124-130 
MS-II7 
111-112 
111-112 



149-152 
128- 129 
176- 177 



UK 127 
1 1 5 • 1 24 
152 166 
131- 522 

i3i 



i 
i 
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